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Data structure 


© Introduction: 

® Data Structure is a way to store and organize 
data so that it can be used efficiently. 

® Interface - Each data structure has an interface. 
Interface represents the set of operations that a data 
structure supports. An interface only provides the list 
of supported operations. 

® Implementation — Implementation provides the 
internal representation of a data structure. 









4g 
° Characteristics of a Data Structure 





e Correctness — Data structure implementation should implement its interface 
correctly. 

e Time Complexity — Running time or the execution time of operations of data 
structure must be as small as possible. 

e Space Complexity — Memory usage of a data structure operation should be as 
little as possible. 


® Need for Data Structure 


® As applications are getting complex and data rich, there are three common 
problems that applications face now-a-days. 

° Data Search - Consider an inventory of 1 million(10°) items of a store. If the 
application is to search an item, it has to search an item in 1 million(10°) items 
every time slowing down the search. As data grows, search will become slower. 

e Processor speed - Processor speed although being very high, falls limited if 
the data grows to billion records. 

e Multiple requests — As thousands of users can search data simultaneously on 
a web server, even the fast server fails while searching the data. 





——— 
asic Terminol 





ogy 


Data — Data are values or set of values. 
Data Item — Data item refers to single unit of values. 


Group Items - Data items that are divided into sub items are 
called as Group Items. 


Elementary Items — Data items that cannot be divided are 
called as Elementary Items. 


Attribute and Entity — An entity is that which contains certain 
attributes or properties, which may be assigned values. 

Entity Set — Entities of similar attributes form an entity set. 
Field - Field is a single elementary unit of information 
representing an attribute of an entity. 

ree - Record is a collection of field values of a given 
entity. 

File — File is a collection of records of the entities in a given 
entity set. 
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Data types 


Data Structures 
Primitive Data Structures Non-Primitive Data Structures 
Integer Real Character Boolean Linear Data Non-linear Data 
Arrays in 
Linked List Graphs 


Stacks 


Queues 






~ Data types 


® (1) Primitive data types: 





® Primitive data types are the predefined types of data that are 
supported in the programming language. 

@® These are the fundamental data types of the language. For 
example float, integer, character. 

® Primitive data structures can hold only a single value in one 
specific location. 


® (2) Non primitive data types: 


® The non-primitive data types are the types that are defined by 
the programmer. The Non-Primitive Data types are created with 
the help of the primitive data structures. 

® Non linear data types can hold collection of values in linear or 
non linear order. 





Data structure 


® Types of data structure 


@ Linear data structure 
e Array 
e Structure 
e Stack 
@ Queue 
e Linked list 
@ Non linear data structure 
e Tree 
e graph 





Array 


® Definition: Array is a collection of values (elements) of 
same data type & same size. 


‘| size 1s fixed & pre defined. For example: a[5] 
‘| data type of all elements are same. 

‘| All data are stored in sequence. 

‘| first value stored at index no 0. 
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Array 


® An array can be declared in two ways... 


ie 
na 


Sea eS ere ee 


Static array (compile time) 
Dynamic array (run time) 


Types of an Array 
Single dimension 
Two dimension 
Multi dimension 





Single dimension Array 


@® When each index number contains only one value, then it 
is called single dimension or one dimension array. 


Index no value 


15 
18 
24 
30 
635, 





0 
] 
2 
3 
A 





Single dimension Array 


® Syntax: data type array name [size] 
® Example: int a [5] = {15,18,24,30,33}; 
® These values are stored in array as shown below. 


Index 
no 


a[0] 
a[ 1] 
a[2| 
a[3] 
a[4] 


value 


15 
18 
24 
30 
33 





Two dimension 


® Definition : If we want to represent data in tabular format 


(rows,columns), then two dimension array is used. 


COLUMNS 


Adon 


Index no 
Columns 


Rows 





a[0] 
all] 
a[2| 
a[3] 
al 4] 


Value 1 Value 2 Value 3 
0 1 2 
33 45 2D 


14 
2S 
18 
23 


15 
44 
14 
D) 


18 
56 
46 
a 
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Two dimension array 

® Syntax : data type Arr name [rows]|columns]; 
® Example : int a[5][3]; 

® (total elements are 5*3 = 15) 





Multi dimension array 


® Multi dimension array tell that how many times we want 
to repeat your sub scripts. 


® if we want to create 3 dimension, we have to give pair of 
3 brackets. 





Multi dimension array 


® Syntax : data type arr name 
[repeat] [rows |[columns]; es 
- Example : int a [2][5][3]; ears 


Rows 


a[0] 
Repeat : 0 a 
af2] 
a[3] 
af] 


Index no 
Columns 


Rows 


a[0] 
a[1] 
a[2] 
a[3] 
a[4] 


Repeat : | 


Value 3 
y) 





Do, 
18 
56 
46 
2 


Value 3 
y) 





wD 
18 
56 
46 
ay 





Applications of Array 


¢ Used in mathematical problems like matrices etc. 


- They are used in the implementation of other data 
structures like linked lists etc. 


- Database records are usually implemented as arrays. 
¢ Used in lookup tables by computer. 


- It effectively executes memory addressing logic 
wherein indices act as addresses to the 
one-dimensional array of memory. 





Structure 


® A structure is a collection of one or more variables of 
different data types, grouped in a single name. 


® Each variable within a structure is called data members of 
Structure. 


STUDENT 


ROLLNO 
NAME 
TOT MARKS 


PERCENTAG 
Je 
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~ Structure 
© Syntax: 


@® Struct struct name 
{ declaration of data members; 
‘ struct_variable; 
® Struct is a key word to declare a structure. 
® Structure name is user defined name of structure. 
@ The variables, declared inside the structure are called data 
members of that structure. They can be of different data 


types. 
® Structure declaration must end with semicolon (;). 





® Struct book 


® {int bookno; 

© char title[10]; 

cs) float price; 

@ |; 

® In above example, book is a structure name. bookno, title 
& price are data members of structure book. 

© Declaring structure variable: 

® Struct structure name varl,var2,var3, ...; 


® The data members do not occupy any memory. Memory 
will occupy when structure variable 1s created 
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— @ Example : 
® Struct book b1,b2; // 10 main function 

@® Where b1 & b2 are variables of type structure book. 
® It will look like this 





Boone Bookno 
Title Title 
price price 


@ Each variable b1 & b2 has their own 3 data members. 
© Initialization : struct book bl = {435,”Clanguage’’,450}; 


® Access these data members, we have to use “dot operator” (.) which 
is also called “member operator’. 


@® Example : b1.price=250; 
@® Above example representing the price of bl. 











Union 


® “Union is a collection of one or more variables of different 
data types, grouped in a single name.” 


® The only difference between structure & union is that, 
structure occupies total size of all data members, where as 
union occupies the size of it’s largest data member. 





Pointer 


® Definition: “Pointer is a variable which stores the address 
(memory location) of another variable.” 
® We can access 2 things using pointer. 
@ |. address of another variable. 
@ 2. value of another variable. 
@ For example, p is a pointer of variable A. 


a Cece 


Value 10 101 #£Value 


Address 101 Lee 





© Declaration of pointer: 
® Data_type *pointer_name; 


® “*” this 1s called pointer sign, which shows that the variable is a 
pointer variable. 


® The above declaration tells the compiler that “pointer name is a 
pointer variable, which can store address of type “data_type’”’. 


® For example, in int *p, *p is a pointer variable, which can store 
address of int type variable. 


© Initialization of pointer: 
@ Pointer variable = & variable; 
@® Example : 
. P 
@ Int a=10, *p; // declaration 
@ P=&a; /Anitialization Value 10 = 
inte 


® Assigning address of variable to pot Address —_ 1000 r 
initialization. 





Pointer 


a 8 
Value 101 Value 


Address 101 = 
@® A=10 or *p=10 
® &a=101 or p=101 
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metic Pointer 
(or Pointer Expression) 


® Like other variables, pointer variables can be used in 
expressions. 


@® Example I: 
@ Int a=10, b=20,*pa,*pb,sum; 
@ Pa=&a; 
@ Pb=&b; 
@ Sum = *pa+ *pb ; // same as atb 
Example 2: 
Int a[ 10], *p; 
P=&al[ 0]; 
p++; 


9 


In above example, p++ points the next element of an array. 





Searching techniques 


® “searching is a method of finding element from entire 
list.” 

® There are 2 techniques are used to search an element from 
entire list. 


® 1. sequential search (linear search) 
® 2. binary search 





Sequential search 


® It traverse in array from top to bottom and finds the key 
value. 


® It is also called linear search. 

® This is a simplest technique to find an element from 
unsorted list. 

® In this technique, key element is compared with first 
element of list. If match is found, search is terminated. 

® Otherwise, next value is compared. Process is continued 
till the key element is found or list is completely traversed. 





Sequential search 


Index value 
value 





A[0] 


A[1] 


A[2] 


A[3] 


Al4] 


18 


5 


Je) 


50 






~ Binary search 


® This searching technique is very fast, because it works only on 
sorted list of array. 


® It requires 3 things. 

® 1. low = first value 

® 2. high = last value 

® 3. middle = (high+low)/2 

® We compare our key value with mid. 1f match found, it stops 
further searching. 

® If mid element is greater than key value, key is found in lower 
half of list which is low to mid-1. 

® If mid element is greater than key value, key is found in upper 
half of list which is mid+1 to high. 

® Every time, find mid value and compare with key. This process 
is repeated until low <= high. 





Binary search 


UN SORTED LIST 
A[0] A{1] A[2] A[3] A[4] 
18 5 25 50 y 
SORTED 
An} api fap) [ald 
p 5 18 25 50 
KEY 
LOW MIDDLE HIGH aa 





50 


2 5 18 25 50 


LOW MIDDLE HIGH 





Sorting techniques 


® “Sorting is the process of arranging data or information in 
some logical order.” 


® This logical order may be 1n ascending or descending in 
numeric values. 


® Followings are techniques to sort data. 
® (1) selection sort 

® (2) bubble sort 

® (3) quick sort 

® (4) merge sort 









~ Selection sort. 


® “selection sort works by repeatedly selecting smallest or 
largest element from the list of value.” 


® To sort an array in ascending order, compare first element 
with all other elements in the list one by one. If any value 
found smaller that first element, replace it with first 
element. Hence , smallest element will be set at first 
position. 

® Repeat above process for all elements in the list one by 
one. At the end, we will get sorted list in ascending order. 






~ Bubble sort 


® In bubble sort, we continuously compare 2 values from the list. 
Each value is compared with its next value. 

® Itis called “bubble sort” because we create a pair of 2 bubbles 
with 2 values. 

® From the to of list, we select each value and compare with its 
next value and if swapping needed, swap it. 

® We start from top of the list and move to the end of list which is 
called one pass. This process requires n-| passes to sort an array 
with n values. 

® Alo] is compared with A[1]. Then, A[1] is compared with A[2], 
and so on. 

® By doing this, largest element will be placed at last position 
after one pass. 






~ Quick sort 


® In quick sort, first of all we have to select middle element 
from the list which 1s called “ pivot element.” 


® Then after, quick sort divides the list into 2 sublist. 
® List 1 : 1t contains elements < pivot 
® List 2 : it contains elements >= pivot. 


® Recursively performs above process and divides the 
elements into smaller sublist. 


® Pivot element can be found by following equation: 
® Pivot = arr [(low + high) /2] 






® For example, we have following 10 values: 
ae a Em |e 2a ee) ee | 
0 1 Z 3 4 5) 6 i! 8 ’) 
Low high 
® Low = first index value = 0 


® High = last index value = 9 
® Pivot = arr[(low+high)/2 = arr[(0+9)/2]| = a[4|=4 
a en a a C2 SE 
0 1 2 5 4 5 6 7 8 5 
Low Pivot high 
® Now, we have divided full array into 2 sub lists, as follow: 
@ List 1 : 6,2,1,3 
@ List 2 : 4,5,8,7,9,0 


® Repeat above process recursively until low<=high, and divide the 
lists into sub lists. 





Merge sort 


® Merge sort method uses divided & conquer technique to 
sort elements. 

® we also can merge arrays and store in third array with 
sorting. 

® For this, follow the following steps. 

® (1) take 2 arrays. 

® (2) sort both arrays. 

® (3) compare elements from both arrays, and store into 
third array. 






——— 
~~ @ Example : 
@ We have 2 arrays a[5] and b[5] 








in as [se fan [a4 


AlO] ALl] Al2] AZ] Al4] B[O] Bil] Bi2] B53] BI4] 





7 ]20 43 119 fo 





® After sorting, both arrays will looked like following 
as [as [48 [st 77 iz fis [20 [as [6 
AO] AL] |AlZ] | AGB] Al4] B[O] Bl] BZ] B[3] Bi4] 
® After this, merge these 2 lists. so that, we can get final 
sorted list. This is most important part of merge sort. 


® To merge, compare each element of a[| with elements of 
b[] and store smaller element into final list 


SC ON DHWD On BW NY 
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Psp Tl 
25> 19 
25 > 20 
25 > 43 
44> 43 
44 > 60 
48 > 60 
52 > 60 
77> 60 





17 
19 
20 
25 
43 
44 
48 
52 
60 
77 


Assignment - 1 


Q. no | OTIS 











What is data structure? Explain Interface & implementation of Data structure 


Explain characteristics of DS 
3 List out and explain Basic terminology used in DS 


Explain Primitive & non primitive data types. 


Explain Array in detail. OR Explain representation of an Array. 


e Explain applications of Array. 
Explain Structure in detail. 


fe | What is pointer? Explain how to declare & initialize a pointer. 


9 Explain pointer arithmetic. 
10 What is searching? Explain following searching techniques. 


1) Sequential search 
2) Binary search 
11 What is sorting? Explain following sorting techniques: 


1) Selection sort 
2) Bubble sort 
3) Quick sort 

4) Merge sort. 
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